ABSTRACT. Fieldwork in different parts of Severnaya Zemlya in 1985Zemlya in , 1991Zemlya in , 1992Zemlya in and 1993 and aerial surveys in 1994 revealed a limited bird fauna with a total of 17 breeding species. The most numerous breeding birds are cliff-nesting seabirds, comprising little auk (Alle alle), 10 000-80 000 pairs; kittiwake (Rissa tridactyla), 5000-10 000; black guillemot (Cepphus grylle), 1000-5000; ivory gull (Pagophila eburnea), 1000-2000; and glaucous gull (Larus hyperboreus), 500-1000. They breed all over the archipelago, usually in rather small mixed-or single-species colonies. Arctic tern (Sterna paradisaea) 100-500, and herring gull (Larus argentatus) 1-10, breed as solitary pairs or with a few pairs together. Of tundra birds, only brent goose (Branta bernicla), purple sandpiper (Calidris maritima) and snow bunting (Plectrophenax nivalis) are found breeding on most of the major islands. The other tundra species-red-throated diver (Gavia stellata), king eider (Somateria spectabilis), sanderling (Calidris alba), Arctic skua (Stercorarius parasiticus), long-tailed skua (Stercorarius longicaudus), snowy owl (Nyctea scandiaca) and Lapland bunting (Calcarius lapponicus)-breed in small numbers and in limited areas, often not every year.
INTRODUCTION
The archipelago of Severnaya Zemlya is of zoogeographical interest as it is situated between the western and eastern Russian Arctic, separated from the Taymyr Peninsula by a wide strait. Until recently we knew little about the occurrence and breeding distribution of birds in this archipelago. It is the least surveyed of the Russian high-arctic archipelagos, which include Frans Josef Land, New Siberian Islands, Wrangel Island and Herald Island.
Severnaya Zemlya was discovered in 1913 by the expedition of Vil'kitskiy (Nasonov, 1916; Starokadomskiy, 1946; Starkov, 1985) . It was first described by the geologist Urvantsev (1935) , who had his base in A. Sedova (A. = Arkhipelag) and worked in the whole archipelago from 1930 to 1932. Both Urvantsev (1935) and Ushakov (1951) reported information about animals hunted on the main islands. The ornithologist also worked in A. Sedova from 1932 . From 1935 until 1937 , there was a weather station at M. Olovyannyy (abbreviations of geographical names in Table 1 ). From 1937 From until 1953 there was a meteorological station on O. Domashniy (Kharitonovich, 1940) . In 1953 it was moved to O. Golomyannyy where it remained until it was closed in 1994. On O. Bol'shoy a weather station was operated from 1940 to 1991. On O. Malyy Taymyr and at B. Solnechnaya and M. Peschannyy, weather stations were operating from 1943, 1951 and 1961 respectively until they were closed in 1994. All these stations carried out some ornithological programmes (Uspenskiy, 1969) . In 1981 a scientific station of the Arctic and Antarctic Institute (AANII) in St. Petersburg was created at M. Vatutina, from where it was moved to a site near M. Baranova in 1988. In 1991 BARC-Company (St. Petersburg) privatised this station and gave it the name S. Prima; today it is a centre of scientific and tourist activities.
Miscellaneous data about animals are presented by the geographer Semenov (1971) who worked on O. Oktyabr'skoy Revolutsii in 1950 with the geographer E.S. Korotkevich (AANII, unpubl. data) . From 1974 to 1981 worked inland on this island. In 1982 Bulavintsev (1984) did some bird observations in O. Bol'shevik. In 1982 Belikov worked in the south of O. Bol'shevik, and in 1983 Belikov and Randla worked in A. Sedova and O. Oktyabr'skoy Revolutsii . Ornithological expeditions were done by the authors on O. Oktyabr'skoy Revolutsii in 1985 and on O. Bol'shevik in 1991 and 1992. General surveys by helicopter through the whole archipelago were done in 1993 and 1994. Only a few ornithological observations have been published, mostly by people with a primary interest other than birds; they are mostly anecdotal and all are in Russian. In this paper we summarize the published and unpublished data of previous expeditions and those of our expeditions to add to our knowledge of the distribution and ecology of high-arctic birds in some of the least known arctic islands of the world. Common and scientific bird names and their sequence conform to Voous (1977) . Table 1. GEOGRAPHY AND CLIMATE Severnaya Zemlya, with a land area of about 36 788 km 2 , is situated north of Taymyr in Central Siberia, on the boundary of the Kara Sea (Karskoe More) and the Laptev Sea (More Laptevykh) between 77˚55'N and 81˚17'N, and 90˚30'E and 107˚45'E (Fig. 1) (Katalog Lednikov, 1980; Dodd, 1985) . There are many small islands like O. Sredniy in A. Sedova.
FIG. 1. Map of Severnaya Zemlya with locations of sites listed in
Glaciers cover 49.8% of the total land area. In the whole archipelago there are wide plains, and mountains covered by dome glaciers, up to a height of 985 m (O. Bol'shevik). The highest unglaciated mountains reach heights of about 600 m. The north of O. Bol'shevik has the most mountainous area of the whole archipelago. Large areas with flat or undulating tundra occur on all islands. In winter heavy coastal sea ice is formed, which in most areas remains throughout the year. In some areas it disappears for a short period at the end of August. The Eastern Severnaya Zemlya Polynya, along the northern and eastern boundaries of this coastal ice in the Laptev Sea, is close to land and stable (Semenov, 1970) . The Western Severnaya Zemlya Polynya, along the western boundaries of fast-ice in the Kara Sea, is unstable and more distant from land.
The climate can be defined as transitional continental to maritime high-arctic. From 1961 until 1991, at the weather station M. Peschannyy on northern O. Bol'shevik, the average temperature of the coldest month (February) was -29.0˚C, while that of the warmest month (July) was + 0.9˚C. From 1986 From until 1991 , the average daily minimum for July was -0.2˚C and the average daily maximum was + 3.0˚C. Also from 1961 until 1991, average precipitation was 170 mm per year (N. Adamovitsj, Weather Service Dikson, pers. comm. 1992) and average daily temperatures were above zero from the fourth week of June until the middle of August. At M. Peschannyy, the land was on average 50% free of snow by 9 July, but at any time during summer the tundra can become completely snow-covered for some days. Common wind speeds in summer are 2 -3 m·s -1 , but periods with very strong winds occur regularly. In winter, wind speeds are usually higher. The winds are mostly from the west and southeast.
The northwestern part of the archipelago with O. Komsomolets and O. Pioner is an arctic desert with very sparse vegetation (Semenov, 1967 (Semenov, , 1971 . In the southeastern part, O. Oktyabr'skoy Revolutsii and O. Bol'shevik ( Fig. 1) , the vegetation is richer and represented by different types of polygonal communities of herb-lichen-mosses. Locally, in secluded areas which receive moisture during summer, grass hummocks occur (Korotkevich, 1958; Semenov, 1967 Semenov, , 1971 Safronova, 1981 Safronova, , 1993 Khodachek, 1986) .
METHODS
From June until September 1985 , Gavrilo (1988a did ornithological studies on O. Oktyabr'skoy Revolutsii between G. Bazarnaya, Oz. F'ordovoe and M. Vatutina, where she had her base. From 18 July until 22 August 1991, Volkov and Pridatko (1994) Revolutsii and in A. Sedova. In 1985 , we collected the field data mostly during surveys on foot. In 1993 and 1994, we observed mostly from helicopters, flying near localities where, according to previous reports, seabirds were nesting. In most cases we then could confirm the old observation or conclude that the breeding place was deserted. Because the occurrence of terrestrial non-avian predators and prey greatly influences the breeding possibilities of most bird species, a summary of terrestrial mammal observations is also presented in the results.
RESULTS
Thirty-two bird species have been recorded in the archipelago. Eight species are rather commonly breeding all over the archipelago or in part of it (brent goose, purple sandpiper, glaucous gull, kittiwake, ivory gull, black guillemot, little auk, snow bunting). Nine other species breed in small numbers in very limited areas or infrequently (red-throated diver, king eider, sanderling, Arctic skua, long-tailed skua, herring gull, Arctic tern, snowy owl, Lapland bunting). Two species are uncommon migrant birds (pomarine skua, Ross's gull). The remaining 13 species are rare transient birds.
In Table 1 we have presented only the known or well estimated numbers of breeding pairs of a visited area. Because large parts of the archipelago have not been surveyed, the real numbers for the total archipelago may be much higher. Colonial seabirds dominate in numbers, with a roughly estimated total of between 20 000 and 100 000 breeding pairs, comprising little auk (10 000 -80 000), kittiwake (5000 -10 000), black guillemot (1000 -5000), ivory gull (1000 -2000) and glaucous gull (500 -1000). Arctic tern (100 -500) and herring gull (1-10) have only small populations. Dominant species of tundra birds all over the archipelago are snow bunting (1000 -10 000), purple sandpiper (1000 -5000) and brent goose (1000 -2000). The long-tailed skua (10 -100) is occasional in lemming areas and is, like the sanderling (100 -500), confined to more vegetated areas in O. Oktyabr'skoy Revolutsii and O. Bol'shevik. Arctic skua (1 -10) and red-throated diver (1 -10) breed in small numbers in O. Bol'shevik, and king eider (1 -10), snowy owl (1 -10) and Lapland bunting (1 -10) breed in the western part of O. Oktyabr'skoy Revolutsii. Pomarine skua and Ross's gull are uncommon migrants, which in some years are seen in the late summer and autumn. The possibility that a few Ross's gulls sometimes breed in Severnaya Zemlya cannot completely be ruled out (cf. Blomquist and Elander, 1981) .
Annotated List of Birds
Breeding status is defined as follows: breeder-nests or broods recorded; migrant-recorded during migration, but no evidence of breeding; transient-non-breeding bird or irregular visitors outside of their known geographic distribution. Categories of relative abundance of breeding species are defined by the estimates of the total numbers of breeding pairs in the whole archipelago: rare (< 10); occasional (10 -99); uncommon (100 -999); common (1000 -9999); abundant (> 10 000). Red-throated Diver (Gavia stellata): Rare breeder. Single birds and pairs were observed on A. Sedova , near M. Vatutina in 1985, and near Oz. Tverdoe in 1992 and 1993, where an old nest was also found. Volkov and Pridatko (1994) saw a pair on a lake near R. Bazovaya on 2 August 1991. At this lake we saw a nest with two eggs on 20 July 1992, but only a pair on 16 July 1993. A pair with large young was seen on 25 August 1982 in R. Slozhnaya (Bulavintsev, 1984 (Laktionov, 1936) . A few single birds and flocks were seen in August and September in A. Sedova and, in July, southeast of O. Oktyabr'skoy Revolutsii (Urvantsev, 1935; Ushakov, 1951) .
Brent Goose (Branta bernicla): Uncommon breeder. Brent geese breed in A. Sedova , where four nests were found on O. Golomyannyy (Kharitonovich, 1940) . On 15 July 1993, we found three nests on O. Domashniy, containing three, three and five eggs respectively; on 22 July two of these nests were still occupied by incubating birds; the third nest and a fourth, found on that day, were empty. On this island we saw two breeding pairs on 20 July 1994. On 22 July 1985, two empty nests were found on P. Zhiloy. Brent geese moult near Z. Panfilovtsev and in the valley of R. Pod'emnaya as noted by Laktionov, (1936) and by us in 1985. Moulting groups have been observed along the south of Pr. Krasnoy Armii and at M. Krzhizhanovskogo (Urvantsev, 1935) . On an islet in Oz. Izmenchivoe, three pairs bred in 1976 and, near the eastern bank, 10 pairs in 1979 (V.M. Makeev, pers. comm. 1986 ). Groups of up to 100 flightless birds were seen here in 1975 and up to 40 in 1983 (V.M. Makeev, pers. comm. 1986 . Moulting groups are also reported from M. Sverdlova (Ushakov, 1951) . Flightless adults and young were observed in 1982 by Bulavintsev (1984) at the mouth of R. Studenaya (about 50), near the head 21 August 1991 Volkov and Pridatko (1994) The earliest recorded arrival dates vary from 12 to 17 June in A. Sedova and Pr. Shokal'skogo, when the brent geese were seen in flocks of up to 20 birds; within six days after arrival the females had complete eggs in the ovaries Urvantsev, 1935; Ushakov, 1951; unpubl. logbooks, Polar Station, 1931 , 1933 , 1952 . In 1992 brent geese were mostly seen in groups until 24 June, but after 1 July mostly in separate pairs (C. Niemitz, pers. comm. 1993) . The observation latest in the year is from 12 September, when flocks of about 10 and 40 were seen at the southern tip of P. Parizhskoy Kommuny (A. Ryuss, pers. comm. 1985) .
Long-tailed Duck (Clangula hyemalis): Rare transient. In 1931 a few groups were seen at O. Golomyannyy . On 14 July 1950, a group of 10 was observed on the southern coast of O. Oktyabr'skoy Revolutsii (E.S. Korotkevich, pers. comm. 1986) . One was seen on P. Parizhskoy Kommuny (Semenov, 1967) . This bird may breed on O. Bol'shevik .
Common Eider (Somateria mollissima): Rare transient. Two males and a female were seen in July 1992 in the north of O. Komsomolets (C. Niemitz, pers. comm. 1993) .
King Eider (Somateria spectabilis): Rare breeder. On 31 July 1930, a family with 11 ducklings was seen on O. Sredniy . On 4 July 1932, a male was shot in A. Sedova (Urvantsev, 1935) . At the end of July 1983, saw families with three and five recently hatched young on P. Zhiloy. Near Z. Panfilovtsev, pairs and mixed groups of up to 14 birds were observed by Gavrilo (1988b) from 2 to 27 July 1985. On 10 July, she found near R. Gremyashchaya a nest with five eggs, the young of which had hatched by 16 July. On 19 July and 13 August 1991, Volkov and Pridatko (1994) saw groups of two and three females respectively in a lagoon at B. Amba, where on 20 July 1994 again a female was seen. Along the western shore of Z. Mikoyana, we saw a female on 22 July 1994. At the coast of eastern O. Malyy Taymyr we saw a group of one male and two females on 16 July 1993. It bred in 1995 at B. Amba.
The earliest recorded appearance of this bird is on 27 May 1950 on O. Domashniy (E.S. Korotkevich, pers. comm. 1986 Y. Kotlov, pers. comm. 1992) .
Knot (Calidris canutus): Rare transient. This species was seen in A. Sedova by Semenov (1971) . E.S. Korotkevich (pers. comm. 1986 ) saw a few birds on four occasions from 22 July to 14 August 1950 in the central parts of O. Oktyabr'skoy Revolutsii. On 3 July 1985 Gavrilo (1988a) saw one foraging along the coast at M. Vatutina.
Sanderling (Calidris alba): Occasional breeder. This species has been observed on western O. Oktyabr'skoy Revolutsii (Laktionov, 1936) . saw small groups on P. Zhiloy and P. Parizhskoy Kommuny on 4 and 5 August 1983. Gavrilo (1988a) found one nest at M. Vatutina on 22 July 1985, one at P. Parizhskoy Kommuny on 27 July, and the first brood of that year on O. Obmannyy on 20 July. On 21 July 1992 we found a nest with four eggs near Z. Akhmatova, and on 30 July a family with one young of about five days age near Z. Mikoyana.
Purple Sandpiper (Calidris maritima): Uncommon breeder. On O. Domashniy we saw a bird exhibiting distraction behaviour on 22 July 1993, and on 20 July 1994 four foraging adults. A foraging adult was seen in July 1993 in B. Skrytaya (C. Niemitz, pers. comm. 1993). Gavrilo (1988a) counted in the western part of O. Oktyabr'skoy Revolutsii between Z. Panfilovets and Pr. Krasnoy Armii in July 1985 about 1.6 bird per km on the coastal plains and about 0.4 bird per km between the rivers more inland. She found a total of 24 broods from 16 to 25 July, including seven on O. Obmannyy (2.2 km 2 ) on 23 July. reports breeding at M. Krzhizhanovskogo. Between Pr. Shokal'skogo and Z. Akhmatova, Volkov and Pridatko (1994) counted about 0.4 birds per km in 1991. They found two families near S. Prima on 18 and 12 August and saw an egg from early July at M. Peschannyy. In 1992 we counted also about 0.4 birds per km and found two nests and six broods in the same area (Fig. 2) . These broods were estimated to have hatched between 17 and 28 July, with an average hatching date of 22 July. On 14 July and 18 July 1993, we found two nests with four eggs near B. Amba, which had hatched by 24 and 26 July respectively. Near B. Solnechnaya, Bulavintsev (1984) Oktyabr'skoy Revolutsii. Along the coast of B. Amba, Volkov and Pridatko (1994) observed groups of up to four birds between 27 July and 18 August 1991. In B. Amba about a dozen were chasing kittiwakes and ivory gulls on 26 and 29 July 1992. On 1 August, we saw a group of 13 on the sea ice near M. Baranova. On the ice along the southeast coast of O. Malyy Taymyr, we observed small groups totalling about 150 birds on 16 July 1993. On 22 July 1994 we saw four birds near S. Prima.
Arctic Skua (Stercorarius parasiticus): Rare breeder. The Arctic skua has been seen in A. Sedova (Semenov, 1971) , near P. Zhiloy and in central O. Oktyabr'skoy Revolutsii (1985) , Oz. F'ordovoe , and northern O. Bol'shevik (Bulavintsev, 1984) . Near a lake between R. Bazovaya and Z. Akhmatova, Volkov and Pridatko (1994) encountered a bird exhibiting distraction behaviour on 2 August 1991. We found one nest with two eggs on 19 July 1992, near R. Bazovaya; one nest on 22 July along the coast near G. Zvezdina; and one on 30 July, near a lake about 3 km west of R. Ostantsovaya. On 17 July 1993, we saw the pair of the latter nest in the same area again, with a nest containing two eggs. On 22 July 1994 there was only one bird in this territory.
Long-tailed Skua (Stercorarius longicaudus): Occasional breeder. On 26 July 1985, on the low tundra near R. Pod'-emnaya, we met on average one territorial pair per 17 km, among which were a pair with distraction behaviour, and a pair with a chick. Between R. Bazovaya and Z. Akhmatova, Volkov and Pridatko (1994) met three attacking pairs on 3 August 1991. We found six territorial pairs in the same area in 1992, one of which had two eggs on 18 July and another with one egg on 23 July. In 1993 we saw only a few nonbreeding pairs here. We saw a few single adults on the tundra near R. Mushketova before 30 July 1992. On 4 August we saw a group of nine birds, including three immatures, flying across the tundra near R. Ostantsovaya. In the valley of R. Lagernaya, Bulavintsev (1984) found one nest with two eggs on 20 July 1982.
The earliest recorded observation date is 3 June 1948 at O. Domashniy (unpubl. logbook, Polar Station, O. Domashniy).
Herring Gull (Larus argentatus): Rare breeder. Specimens were collected in the eastern part of the archipelago in 1913 and 1950 (Nasonov, 1916; Semenov, 1967; E.S. Korotkevich, pers. comm. 1986) . Laktionov (1936) reports one bird in A. Sedova. On 7 August 1992, we saw an immature on O. Golomyannyy. In July 1991, Volkov and Pridatko (1994) saw four adults and an immature on the sea-ice in B. Amba. On 15 and 27 July 1992, we observed three alarm-calling pairs and three empty nests at M. Zub. On 17 July we found one nest with one egg and an empty nest with an alarm-calling pair in the delta of a small river in the north of Z. Akhmatova. We saw three more alarmcalling pairs near G. Zvezdina on 22 July. On 26 July 1993, we saw three alarm-calling pairs and found a nest with one egg at M. Zub. On O. Malyy Taymyr we saw about 20 birds on 16 July 1993.
Glaucous Gull (Larus hyperboreus): Uncommon breeder. This bird breeds on O. Golomyannyy (Laktionov, 1936) , and on O. Sredniy (D.J. Bolshiyanov, pers. comm. 1990 ). On 15 July 1993, about 90% of the young of seven pairs on O. Domashniy had hatched, but on 20 July 1994, none of four nests had chicks. Hundreds of glaucous gulls breed at B. Uzlovaya ) and a few pairs breed at B. Skrytaya (A. Yunak, pers. comm. 1992) . Laktionov (1936) reports breeding glaucous gulls at R. Shar'yazhnaya (O. Komsomolets) and M. Karla Libknekhta. In 1993 we saw some breeding pairs at B. Skrytaya and on O. Diabazovye and several pairs on O. Machtovyy.
Glaucous gull colonies occur on G. Bazarnaya, mainly on the north side, with some dozens of breeding pairs . These colonies were seen by us in 1985, 1993 and 1994 , and some pairs were seen on the north side of B. Krasnaya in 1993 and 1994. The reports of breeding in F. Matusevicha and on M. Voroshilova by Laktionov (1936) were not confirmed in 1993. In 1985 Gavrilo (1988b) found single nests south of B. Krasnaya and south of B. Skazochnaya, two nests in the valley of R. Ushakova, 16 nests along R. Matusevicha and 14 nests near R. Gremyashchaya. On 10 July, about 60% of the young from these 14 nests (mean clutch size 2.9) had hatched, while the largest young were about six days old. In R. Lednikovaya, we saw a pair on 23 July 1994. On G. Tumannye, about 30 km from the coast, a colony of about 20 pairs was reported by . At Oz. F'ordovoe, we saw one pair at the north side of the lake with two young of about three weeks old on 7 August 1992. Glaucous gulls were also seen on the east side of a large kittiwake colony in 1992, 1993 and 1994. There are colonies of some tens of pairs in the canyons of the river from Oz. Izmenchivoe and of R. Ozernaya E. Korotkevich, pers. comm. 1988; our observations, 1992 . We saw in 1993 and 1994 colonies of less than 10 pairs on the northernmost island of O. Olen'i and on two islets just southwest of O. Sverdlova. Glaucous gulls bred on O. Bol'shoy in 1956 (unpubl. logbook, Polar Station, O. Bol'shoy). On M. Olovyannyy a few breeding pairs were noted by Urvantsev (1935) and Ushakov (1951) and again by us in 1994.
In the canyon of R. Studenaya and on both sides of F. Tel'mana we saw in 1992, 1993 and 1994 some dozens of pairs. Nine breeding pairs were found at F. Partizanskiy and two south of M. Vise in 1991, one of which was with two young of about 10 days old on 24 July (Volkov and Pridatko, 1994) . In 1992 we found a breeding pair and two alarmcalling pairs in R. Ostantsovaya. On 16 July the former pair was still incubating, but by 25 July the oldest of their three young was about one week old. We saw also an alarm-calling pair near G. Zvezdina, R. Bazovaya and R. Amba. We saw a small colony near M. Morozova in 1993 and single pairs in R. Slozhnaya and R. Lagernaya in 1994. Bulavintsev (1984) reports glaucous gulls in the south of O. Bol'shevik, with some pairs nesting along each of the larger rivers.
The earliest recorded arrival date is 8 April at G. Bazarnaya in 1931; on 15 May there were many in a polynya north of M. Arkticheskiy (Ushakov, 1951 (Semenov 1971) . The wings of a Sabine's gull were found on 12 July 1950 on the south coast of O. Oktyabr'skoy Revolutsii (Sdobnikov, 1960) .
Ross's Gull (Rhodostethia rosea): Uncommon migrant. In September 1931, 20 to 30 birds passed O. Domashniy (Urvantsev, 1935; Ushakov, 1951) . At the end of the summer of 1976, some hundreds were foraging on the northern shore of O. Komsomolets (V.M. Makeev, pers. comm. 1986; . In July 1991, 1992 and 1993, some adults and immatures were foraging in open leads among the sea-ice between M. Vize and M. Zub and in Z. Mikoyan. Single birds and small groups occur every year in B. Solnechnaya .
Kittiwake (Rissa tridactyla): Common breeder. On O. Golomyannyy and O. Domashniy breeding has been reported by . On O. Domashniy, clutches were completed in the first decade of July 1933 and the first flying young of the year was seen on 16 August . On 22 July 1993 and 20 July 1994, we found here a clutch of two eggs in the middle of a large ivory gull colony on flat ground. On the south coast of O. Sredniy there are colonies with a total of about 1000 pairs (D. Bol'shiyanov, pers. comm. 1990; our observations, 1992 . The nests contained mainly one egg and no young on 14 July 1993 and 22 July 1994. In the canyon of R. Krugovaya we saw two colonies of some dozens of pairs in 1993. Near B. Skrytaya about 100 pairs breed in sandstone columns (A. Yunak, per. comm. 1992) . According to Laktionov (1936) they breed on M. Karla Libknekhta. A large colony reported by Semenov (1971) on M. Goristyy was not seen by us in 1993, but on the north side of B. Krasnaya and G. Bazarnaya we found colonies of more than 100 pairs. Along the northeast coast of Oz. F'ordovoe, there was a colony of about 4000-5000 birds with still many flightless young on 12 September 1983 , and about 2300 pairs with no young yet on 14 July 1993 and 20 July 1994. Along the west side of the river from Oz. Izmenchivoe, there is a colony of about 500 pairs our observations, 1992 . Many flightless young were still present here on 8 September 1983 . In the canyon of R. Ozernaya near the coast, we noted in 1993 a colony of about 500 pairs. In this colony on 11 July 1950 clutches had one or two eggs (E.S. Korotkevich, pers. comm. 1988) . On the southern and northern islands of O. Olen'i, on M. Sverdlova, on O. Sverdlova and on two islets south of O. Sverdlova we saw in 1993 and 1994 colonies of some dozens of pairs, and at M. Olovyannyy we counted about 250 pairs. Bulavintsev (1984) reports a colony at R. Studenaya, where we saw a few pairs in 1994. On 26 July 1991, Volkov and Pridatko (1994) saw a gull colony at the head of F. Spartak and a colony of 400 pairs of kittiwakes at the head of F. Partizanskiy with some young of up to five days old. In R. Ostantsovaya, about 3 km from the sea, we found in 1992, 1993 and 1994 two colonies with a total of about 80 breeding pairs. We saw no young on 21 July 1994 and on 24 July 1992, but on 28 July 1992 we noticed some. In a small canyon at the western side of the southern part of Z. Ahkmatova, we found a colony of about 240 pairs in July 1994. Colonies of 200 to 300 birds are also reported from R. Tora and R. Skalistaya with no young yet on 20 July 1982 (Bulavintsev, 1984) .
The earliest recorded observation is 18 April 1933 from O. Domashniy . At G. Bazarnaya, the kittiwakes had not arrived yet on 8 April 1931, but they were seen near M. Arktichesky on 13 May (Ushakov, 1951) . Large groups were migrating near M. Olovyannyy on 17 May 1936 (Uspenskiy, 1969) . The latest recorded observations on O. Domashniy are from the second half of September in 1930 and 1949 , and from 21 October in 1950 unpubl. logbooks, Polar Station 1937 and 1949; Uspenskiy, 1969) . At G. Bazarnaya a few were still present on 17 September 1983 .
Ivory Gull (Pagophila eburnea): Common breeder. On O. Golomyannyy, O. Domashniy, O. Sredniy (and probably O. Dlinnyy), ivory gulls breed in small and large colonies of up to 1100 breeding pairs on flat ground (Fig. 3) . The colonies change in size and location between years Urvantsev, 1935; Laktionov, 1936; Ushakov, 1951; Uspenskiy, 1969; Semenov, 1971; de Korte and Volkov, 1993) . On O. Golomyannyy, eggs were laid in June 1939, when 300 eggs were consumed by the crew of the station. (Kharitonovitch, 1940) . On O. Domashniy, the first eggs were laid on 23 June 1948 and 28 June 1951 (unpubl. logbooks, Polar Station), and 11 July 1933 . Young were seen by us on O. Domashniy on 15 July 1993, when 30% of about 700 breeding pairs had young; on 22 July 70% had young. On 19 July 1994, this colony had about 1100 breeding pairs, of which about 10% had young less than one week old. About 15% had one-egg clutches, 70% had twoegg clutches and 15% had three-egg clutches. On O. Golomyannyy, flying young of the year were seen on 17 August 1931 (Ushakov, 1951 , but in 1934 they still could not fly on 28 August . report ivory gulls from B. Skrytaya, but in 1993 we found only glaucous gulls and kittiwakes there. Laktionov (1936) reports nesting at O. Diabazovye, and Semenov (1971) at M. Goristyy and G. Bazarnaya, but in 1993 we did not notice them. We did, however, see a small gull colony at the north side of F. Matusevicha, on a mountain some way inland. In 1985 two pairs were found on the rocks just south of B. Skazochnaya. The existence of a colony on P. Parizhskoy Kommuny (Laktionov, 1936) was not confirmed by . We saw in 1993 and 1994 a small colony on the north side of G. Ploskaya. In the river of the canyon from Oz. Izmenchivoe a group of about 30, mainly adult birds, was
Non-avian Predators and Prey
The Arctic fox (Alopex lagopus) has denning areas in the valleys of R. Gremyashchaya and R. Pod'emnaya (our observations, 1985; . In 1976 -77 foxes were numerous, with litters of six young, and about 300 were caught at B. Solnechnaya, but in 1982 -83 they were rare. Volkov and Pridatko found a dead specimen near M. Vise in 1991. We saw one in July 1992 near R. Ostantsovaya and one in July 1993 in A. Sedova. In July 1994 we found a dead fox at G. Bazarnaya.
The wolf (Canis lupus) sometimes occurs in groups of up to three on O. Bol'shevik and O. Oktyabr'skoy Revolutsii. . A dead wolf was found near M. Vise in July 1991.
The ermine (Mustela erminea) was often seen near the buildings at B. Solnechnaya at the end of the 1970s . A mummified specimen was found in July 1992 near R. Bazovaya (I.N. Safronova, pers. comm. 1992) .
The Arctic hare (Lepus timidus) is reported from R. Studenaya our observations, 1993) . In May 1990 two were seen at M. Vise (A. Yunak, pers. comm. 1992 ). In July 1991 we saw one near B. Amba, and in July 1992 three together on the coast of Z. Akhmatova.
The collared lemming (Dicrostonyx torquatus) occurs on all the big islands of the archipelago, in valleys of rivers and lowlands with vegetation (G.N. Oblonskiy, pers. comm. 1982; Kalyakin and Belikov, 1985; . Densities on O. Domashniy varied from 20 individuals per km 2 in 1933 to 500 per km 2 in 1934 (Laktionov, 1936) . In western O. Oktyabr'skoy Revolutsii, there were many in 1975 -76 and 1979 -80 (Belikov and Randla, 1987 . In June and July 1985 lemmings were numerous on O. Oktyabr'skoy Revolutsii, and a summer nest with young was found near M. Vatutina, where in optimal habitat 140 holes in one hectare were counted. In spring 1985 they were met in large numbers on the glaciers in the western part of this island. In 1986 -87 and 1990 there were many on O. Oktyabr'skoy Revolutsii and O. Bol'shevik (A. Yunak, pers. comm. 1992) . In August 1991 we found many fresh winter nests near R. Bazovaya, but only one occupied summer nest. In July 1992 and 1993, we found old winter nests in this area, but again only one summer nest. In July 1994, we saw a few fresh winter nests and summer nests between R. Ostantsovaya and Pr. Shokal'skogo.
The reindeer (Rangifer tarandus) can occasionally be seen in the archipelago. The total population is less than 100, mainly on O. Bol'shevik, in groups of three to seven, sometimes with calves (Laktionov, 1936; G.N. Oblonskiy, pers. comm. 1982; our observations, 1991 , 1992 S. Belikov, pers.comm. 1993 ).
DISCUSSION
The coverage of the breeding birds of Severnaya Zemlya is still relatively poor. Only the western part of O. Oktyaber'koy Revolutsii with the base at M. Vatutina and the northern part of O. Bol'shevik with the base at S. Prima have been thoroughly surveyed by ornithologists. From our helicopter surveys in 1992 and 1993, when we flew across the whole archipelago and visited all major islands, we can conclude that these two areas are among the most vegetated areas in Severnaya Zemlya. There was also rather good coverage of G. Bazarnaya, A. Sedova and B. Solnechnaya by scientists with some interest in birds.
Little auk and ivory gull, which both can be considered as Atlantic arctic species, reach the eastern limits of their breeding distribution in Severnaya Zemlya, though a few little auks are breeding in the Bering Stait (Uspenskiy, 1963; Breekenridge, 1966; Blomquist and Elander, 1981; Yudin and Firsova, 1988; Stishov et al., 1991) . The herring gull, which is a boreal-low arctic species, reaches in Severnaya Zemlya its northern distribution limit (see Yudin and Firsova, 1988) . The Brünnich's guillemot, which breeds in large numbers in Frans Josef Land (Gorbunov, 1932; Golovkin, 1984) , northern Novaya Zemlya (Belopolskii, 1961; Golovkin, 1972; our observations, 1992 , Eastern Taymyr (Kozlova, 1957; Rutilevskiy, 1970) , the New Siberian Islands (Uspenskiy, 1963) and Wrangel Island (Stishov et al., 1991) , shows a distribution gap in Severnaya Zemlya. The lack of suitable nesting habitat near the scarce areas of open water, or the lack of open water near suitable nesting places in August when the young swim away from the colonies, is probably the cause of the absence of this species.
In general the possibilities for the small cliff and crevice nesters (little auk, black guillemot, kittiwake) are confined to a few steep cliff faces in river canyons, along coasts, and on small islands. Because of the occurrence of ground predators in Severnaya Zemlya, the lack of inaccessible breeding places may be a limiting factor for breeding. Ivory gulls breed either in colonies of different size on inaccessible cliffs, occupied every year, or in large colonies on accessible places for only a few breeding seasons (de Korte and Volkov, 1993) . This is probably a strategy to avoid predation in accessible places. The Arctic tern cannot escape predation by breeding in colonies on small islands, as it does in Spitsbergen when the sea ice has dispersed in August (de Korte, 1972) . In Severnaya Zemlya the sea ice between islets and mainland often does not disappear at all, so Arctic foxes may have the opportunity to visit such colonies throughout the breeding season. Arctic terns breed along coasts in single pairs at very low densities. They probably lack good foraging opportunities in August, the period when the chicks are raised.
The young of the tundra-nesting species hatch in general in the second half of July, while snow bunting and Lapland bunting fledge in this same period. Colonial seabirds hatch in general also in the second half of July. The peak of hatching is in the second week of July for the glaucous gull, in the third week of July for the ivory gull, in the fourth week of July for the kittiwake and in the first week of August for the Arctic tern.
